The safety of fentanyl initiation improved over the study period, but still half of fentanyl patch prescriptions were written for patients with inadequate prior opioid exposure. Review of prior opioid exposure may be a simple but important way to improve the safe use of fentanyl patches.
F entanyl is a high-potency opioid with a strength 100 times that of morphine. 1 Although available in a variety of forms, the most common form for outpatient use in Canada is the transdermal patch, which provides 3-day continuous delivery of the drug. Fentanyl was initially available in 25-, 50-, 75-and 100-μg/h patches. A 12-μg/h patch was introduced in 2006, recommended for dose titration rather than initiation. 2 The fentanyl patch is a convenient non-oral delivery system preferred by patients that may have fewer adverse effects than other sustained-release oral formulations of opioids. 3 As such, it has become a popular choice in the management of cancer-related and chronic non-cancer-related pain. 4, 5 The replacement of OxyContin with the tamper-resistant OxyNeo and the accompanying regulatory changes concerning long-acting oxycodone products have been associated with an increase in the use of fentanyl in some jurisdictions. 6, 7 Unfortunately, problematic fentanyl use is increasing. 8, 9 This rising level of use makes it an important time to assess safety issues related to the fentanyl patch.
One important safety issue, and a factor under the control of prescribers, is the recommendation that first-time users of the fentanyl patch have adequate prior exposure to opioids. 2 Fentanyl patches are not suitable for opioid-naive patients. Only patients who have used the equivalent of 60 mg of morphine per day for at least 1 week should be prescribed a 25-μg/h patch. 2 Failure to adhere to this recommendation has been associated with adverse effects of opioid overdose, including depression of the central nervous system, flaccid skeletal muscles, hypotension, bradycardia, respiratory depression and death. 2, 3 Older patients are known to be at particular risk because of altered absorption and metabolism. 2, 10 A number of safety warnings and advisories have been issued to ensure that prescribers confirm patients have sufficient opioid tolerance before prescribing a fentanyl patch.
Background: Although a convenient opioid delivery system, transdermal fentanyl patches have caused several deaths and resulted in safety warnings reminding prescribers that fentanyl patches should be prescribed only for patients who have adequate prior exposure to opioids. We conducted a longitudinal analysis of the safety of fentanyl initiation by examining past opioid exposure among patients newly prescribed fentanyl patches.
Methods:
We identified all patients in the province of Manitoba who were newly prescribed fentanyl patches between Apr. 1, 2001 , and Mar. 31, 2013. We converted all prior opioid use to oral morphine equivalents and determined the average daily dose in the 7-30 days before initial fentanyl patch use. Fentanyl initiation was considered unsafe if the patient's pre-fentanyl opioid exposure was below the recommended level.
Results:
We identified 11 063 patients who began using fentanyl patches during the study period. Overall, fentanyl initiation was deemed unsafe in 74.1% of cases because the patient's prior opioid exposure was inadequate. Women and patients 65 years of age and older were more likely than men and younger patients, respectively, to have inadequate prior opioid exposure (p < 0.001 for each comparison). The proportion of patients who had unsafe prescriptions for fentanyl patches decreased significantly over the study period, from 87.0% in 2001 to 50.0% in 2012 (p < 0.001).
A study of reported opioid-related deaths in the province of Ontario found that 57 (2.7%) of the 3406 opioid-related deaths from 1991 to 2004 were related to fentanyl. 21 However, in this study, it is difficult to differentiate deaths related to problematic drug use or suicide from those associated with routine medical practice. There have been numerous case reports of deaths associated with inadequate opioid exposure before the initiation of fentanyl patches. 11, 12, 14, 17 A Health Canada review found 11.5% of the 52 fentanyl-related deaths examined were associated with fentanyl patch initiation. 18 In a search of the Canada Vigilance Adverse Reaction Online Database for the period 1996-2015, after excluding cases related to the terms "intentional," "abuse," "suicide," "dependence" and "diversion," we found that health care professionals reported 284 deaths involving fentanyl patches to Health Canada.
We conducted a longitudinal analysis of the safety of fentanyl initiation by examining prior opioid exposure among patients newly prescribed fentanyl patches. The objective was to assess the potential influence of the various warnings and safety bulletins related to safe fentanyl prescribing and to determine the current level of risk in the Manitoba population.
Methods
We examined the safety of fentanyl patch initiation among patients 18 years of age and older in the fiscal years from Apr. 1, 2001 , to Mar. 31, 2013. We used data from the Population Health Research Data Repository maintained by the Manitoba Centre for Health Policy. Prescription records were obtained from the province's Drug Programs Information Network database. This centralized system is used to process all outpatient prescriptions and submit claims to the province's drug benefits plan (Pharmacare) and to third-party insurers. Using these prescription records, we examined pre-fentanyl opioid use to estimate whether the recommended guidelines for adequate opioid tolerance for safe fentanyl patch initiation had been met.
We constructed a cohort consisting of all patients who had 1 or more prescriptions for transdermal fentanyl filled. We excluded patients who had fentanyl prescriptions filled in the first 90 days of the study period, to avoid misclassifying prevalent use as fentanyl initiation. We used administrative data from hospital discharge abstracts to exclude patients admitted to hospital in the 30 days before their first fentanyl prescription, because no data were available on opioid use in hospital.
To determine opioid exposure before fentanyl patch use, we examined all opioid prescriptions filled more than 90 days before the start of fentanyl. We converted opioid doses to morphine equivalents using standard opioid conversion tables. 22 We calculated daily doses by multiplying the number of dispensed tablets by the strength of the morphine equivalent and dividing by the days supplied. For patients with concurrent opioid prescriptions, we summed the contributions from each prescription over the days of overlap. We calculated the average daily doses for the 7, 14, 30 and 60 days preceding the first fentanyl prescription and took the highest average daily dose. We classified fentanyl initiation as safe if the pre-fentanyl opioid daily dose met or exceeded the dosing guidelines in the manufacturer's product monograph. 2 We conducted a sensitivity analysis in which we defined fentanyl initiation as safe if there was any opioid use in the 60 days before the first fentanyl prescription. Patients with no prior exposure were considered to be fully opioid naive and at greatest risk of an adverse effect from fentanyl use. In addition, to ensure that most patients were not clustered close to the threshold of adequate opioid exposure, we stratified patients who had unsafe fentanyl initiation by the percentage of recommended opioid dose they received before starting fentanyl.
Use of the 12-μg/h fentanyl patch was also examined to explore whether it was for dose titration or for fentanyl initiation. Each patient's first prescription for the 12-μg/h patch was classified as initiation if it was their first ever fentanyl patch, and as titration if otherwise.
Statistical analysis
We performed all analyses using SAS software (version 9.4, SAS Institute). Univariate analysis was used to summarize our data. The proportion of prescriptions that were considered safe fentanyl initiations was calculated overall, by year, by sex and by age group (< 65, 65-74, 75-84 and ≥ 85 yr). The χ 2 test was used to examine the proportion of safe initiations for the categorical variables of sex, age group (≥ 65 v. < 65 yr) and study year (first v. last). Rates of safe initiation were tabulated for each study year and, separately, by patient age (in years) at the time fentanyl was started. Ordinary linear regression models were constructed for each of these sets of data to determine the significance of trends present.
Results
From Apr. 1, 2001 , to Mar. 31, 2013, we identified 267 958 prescriptions for transdermal fentanyl patches dispensed to 17 102 distinct pa-tients. The 744 patients given prescriptions in the first 3 months of the study were excluded as potentially prevalent users. We also excluded another 5295 patients admitted to hospital in the 30 days before fentanyl initiation. The final cohort of 11 063 patients included more women than men, and more older people (≥ 65 yr) than younger patients (Table 1 ). The initial dose most commonly prescribed was 25 μg/h; in 18.4% of cases, the initial dose was 50 μg/h or higher.
Fentanyl patch initiation was deemed unsafe in most cases overall, with 74.1% of new prescriptions written for patients with inadequate prior opioid exposure ( Table 2 ). In 33.4% of cases, a combined formulation of acetaminophen/ codeine or acetaminophen/oxycodone was the only opioid prescribed before the start of fentanyl (Table 1) . Unsafe fentanyl initiation decreased over the study period, from 87.0% of prescriptions in 2001 to 50.0% in 2012 (p < 0.001). The decrease was greater among men than among women (by 40.4% v. 34.3%; p < 0.001), and among older patients than among those less than 65 years old (by 37.7% v. 33.0%; p < 0.001).
In the linear regression analysis in which the safety of fentanyl initiation was examined over time, we found a significant increase in the level of safe prescribing over the study period. The percent of new prescriptions that met the recommended pre-fentanyl opioid exposure levels increased by 3.9% each year (95% confidence interval [CI] 3.4%-4.5%). In the linear regression analysis by patient age, we found a significant trend toward decreased levels of safety with increasing age. Each additional year of life was associated with a 0.39% decrease in the mean rate of safe initiation (95% CI 0.32%-0.45).
In the sensitivity analysis in which fentanyl initiation was considered safe if any amount of opioid was used in the 60 days before the start of fentanyl, 26.3% of the prescriptions were to fully opioid-naive patients. Again, older patients were at greater risk than those less than 65 years of age (32.3% v. 18.1%; p < 0.001). The level of fentanyl patch initiation among opioid-naive patients fell significantly over time, from 35.3% of all fentanyl starts in 2001 to 15.7% in 2012 (p < 0.001). The levels of fentanyl initiation among the other patients, stratified by percent of recommended pre-fentanyl opioid dose, are shown in Figure 1 .
The association between prior opioid exposure and the starting dose of fentanyl patch is examined in greater detail in Table 3 . Although higher starting doses of fentanyl patch were generally associated with greater prior opioid exposure, all strengths of patch were at times initiated without previous opioid exposure. When we looked at the pattern of use for the 12-μg/h fentanyl patch, we found that, in the first year of its use in Canada, 54% of first uses were for initiation rather than titration; by the end of the study period, this value increased to 65.5% of first uses. Because the 12-μg/h patch has less opioid than the 25-μg/h patch, it is easier to achieve adequate opioid tolerance with this strength of patch (30 mg v. 60 mg morphine equivalent per day). Even at this lower threshold, only 43.5% (n = 563) of the 1293 initial prescriptions for the 12-μg/h fentanyl patch would be considered safe. Of these safe starts, 54.7% (n = 308) would have been classified as unsafe if the 25-μg/h patch had been prescribed initially.
Interpretation
Our analysis showed that the level of safety of fentanyl prescribing improved over the study period. However, by the end of the study, still only half of the initial prescriptions were issued to patients with adequate prior exposure to opioids. The sensitivity analysis of the distribution of patients relative to the percentage of the recommended pre-fentanyl opioid exposure allowed us to examine the different levels of prior opioid exposure, with the presumption that doses close to the recommended level would be associated with a lower risk of adverse effects. However, at the end of the study period, 15.7% of patients in the sensitivity analysis were receiving fentanyl patches without exposure to opioids of any kind in the 60 days before fentanyl was started. Of particular concern, patients 65 and older, who may be at the greatest risk, had higher levels of unsafe fentanyl initiation than younger patients. In the overall study population, there was considerable improvement, with a 37.0% decrease in unsafe prescribing over the study period. The use of the 12-μg/h patch for fentanyl initiation increased over the study period. Although its use may reduce the risk of adverse effects, it does not eliminate the need for prior opioid exposure. Absorption of fentanyl from patches varies widely between patients. 23 This variation, along with exposure of the patch to heat, improper use of the patch, use of multiple patches and a variety of other factors, combine with inadequate opioid exposure in cases that result in death. 14, 15, 24, 25 The systematic study of the quality of fentanyl patch prescribing has been limited. European studies of administrative data used different definitions of opioid tolerance but produced comparable results. 26, 27 The largest study was in Germany in [2004] [2005] [2006] and found that 84.5% of fentanyl starts were in opioid-naive patients. 26 The authors defined opioid naive as receiving no high-potency opioids in the 3 months before fentanyl patch initiation. As in our study, they found a higher risk of unsafe fentanyl initiation among women than among men and a decreasing level of safe prescribing with increasing age. A small study in the United States examined fentanyl patch prescribing among nursing home residents. 10 As in our study, women and older adults were at increased risk of fentanyl patches and other long-acting opioids being started without prior exposure to short-acting opioids. In a recent US intervention study in a regional medical centre, McEvoy and colleagues 28 made use of electronic medical records to remind prescribers of the need for patients to be given 60 mg of morphine or equivalent before prescribing fentanyl patches. Before this intervention, only 46.7% of patients had received adequate opioid doses when fentanyl was prescribed. After the intervention, the value increased to 75.6%, which suggests that relatively simple interventions may substantially improve the safety of fentanyl prescribing. Despite the relatively low level of safe prescribing found in our study, we believe our results are generalizable, because similar levels of safety have been found in Europe and the United States.
Limitations and strengths
This study has a number of important limitations. We estimated prior opioid use from pharmacy dispensing data for opioid prescriptions. Patients may not have used the medications, or they may have used more than initially prescribed based on verbal instruction from the prescriber for dose adjustment. However, the assumption of use based on pharmacy dispensations is common in administrative data studies. 29 We were not able to capture opioid medication use prescribed outside of the province. The study is also limited by not examining outcomes of fentanyl prescribing. We assessed the safety of fentanyl initiation as defined by the product monograph and safety warnings. The rate at which unsafe prescribing, as defined by dosing recommendations and warnings, translates into actual negative outcomes for patients is unknown, but case reports have shown that they occur. [14] [15] [16] 24 Despite these limitations, our study has a number of strengths. Our use of a fully linked population-level database leaves us confident that we captured most instances of community prescribing of opioids. The 12-year duration of the study also allowed us to examine the safety of fentanyl prescribing before and after the release of safety warnings. We also used multiple definitions of opioid tolerance and used the most conservative result in our assessment of the safety of fentanyl prescribing.
Conclusion
Considerable attention and effort have been placed into making prescribers aware of the need to ensure adequate opioid tolerance before prescribing fentanyl patches. Although we found evidence that the safety of fentanyl prescribing improved, by the end of the study period, still half of patients prescribed fentanyl patches had inadequate prior exposure to opioids. Special attention should be paid to older patients, who are at greatest risk of adverse outcomes but had the lowest level of safe prescribing. Opioid prescribing generally, and fentanyl patch prescribing in particular, has a number of inherent risks, many of which may be difficult to control fully. Ensuring adequate opioid tolerance before prescribing a fentanyl patch is one way this risk can be controlled by the prescriber.
